水産加工品の品質保持と冷凍貯蔵の温度条件 by 若生 豊 et al.
水産加工品の品質保持と冷凍貯蔵の温度条件
著者 若生 豊, 伊藤 由加里
著者別名 WAKO Yutaka, ITOH Yukari
雑誌名 八戸工業大学エネルギー環境システム研究所紀要
巻 9
ページ 15-21
発行年 2011-03-24
URL http://id.nii.ac.jp/1078/00002309/
Creative Commons : 表示 - 非営利 - 改変禁止
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.ja
̶ 15 ̶
Ỉ⏘ຍᕤရࡢရ㉁ಖᣢ࡜෭෾㈓ⶶࡢ ᗘ᮲௳ 
 
ⱝ⏕ ㇏࣭͊ఀ⸨ ⏤ຍ㔛͊͊ 
 
Development of Lipid Oxidation and Flesh Quality 
of Marinade Mackerel during Chilled Storage 
Yutaka WAKO†  Yukari ITOH††  
 
ABSTRACT 
   Marinade mackerel ͆Shimesaba͇, traditional Japanese sea food, was stored at -17, -30 and -70 Υ for 
one year. Raw mackerel, control for ͆Shimesaba͇, was also stored at same temperature. The TBARS 
contents in the marinade mackerel was higher than those in raw mackerel stored at -70 Υ . The TBARS 
contents in raw and marinade mackerel showed a tendency to increase as the stored temperature rises.  
Disulfides bonds in muscle proteins in raw and marinade mackerel were estimated by labeling with mBBr 
and subsequent electrophoresis. There was no difference in fluorescence intensity of any protein to stored 
temperature change.  To keep the quality of marinade mackerel for long term, the freezing storage at -17 Υ, 
or -30 Υ was insufficient. 
Key Words: marinade mackerel㸪chilled storage㸪lipid oxidation㸪TBARS 
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1. ⥴  ゝ
 ࢧࣂ㸦Scomber japonicus Houttuyn㸧ࡣࢱࣥࣃࢡ㉁ྵ
᭷㔞ࡸ⬡⫫ྵ᭷㔞ࡶ㧗ࡃ㸪ᚰ⾑⟶⣔⑌ᝈண㜵࡟
᭷ຠ࡞ n-3⣔⬡㉁ࡢ㇏ᐩ࡞౪⤥※࡜ࡶ࡞ࡗ࡚࠸ࡿࠋ
ࡉࡽ࡟㸪ࣅࢱ࣑ࣥࡢྵ᭷㔞ࡸⅣỈ໬≀ྵ᭷㔞ࡶ
㧗ࡃᰤ㣴ᡂศࡢ඘ᐇࡋ࡚࠸ࡿ㣗ᮦ࡜ࡋ࡚⌮ゎࡉ
ࢀ㣗࡟౪ࡉࢀ࡚᮶ࡓࠋࢧࣂࡣ⬡㉁ྵ᭷㔞ࡀ㧗ࡃ
㩭ᗘຎ໬ࡀ᪩࠸ࡇ࡜࠿ࡽ㸪㓑ࢆ⏝࠸ࡓㄪ⌮ࡸຍ
ᕤࡀྂࡃࡼࡾ࡞ࡉࢀ㸪ࢩ࣓ࢧࣂࡣ᝷⳯㸪Ⴔዲရ
࡜ࡋ࡚ᗈࡃぶࡋࡲࢀ࡚࠸ࡿࠋඵᡞࡢࢩ࣓ࢧࣂࡣ
඲ᅜ࡟▱ࡽࢀࡿࡼ࠺࡟࡞ࡾྛᆅ࡟ฟⲴࡉࢀ࡚࠸
ࡿࡀ㸪ᘬࡁ⥆ࡁရ㉁ࡢ⥔ᣢྥୖࡀồࡵࡽࢀ࡚࠸
ࡿࠋࡋ࠿ࡋ㸪ࢩ࣓ࢧࣂࡢ෭෾㈓ⶶ࡟ࡼࡿಖᣢᮇ
㛫ࡣ⣙ 20 ᪥⛬ᗘ࡜▷࠸ࡇ࡜ࡸ㸪ࡉࡽ࡟࢔ࣞࣝࢠ
࣮ࡢ⾲♧ࡀồࡵࡽࢀࡿ 20 ရ┠ࡢ㣗ရࡢ୍ࡘ࡛࠶
ࡿࡇ࡜࡞࡝ࡣ㸪௒ᚋၟရࡢ౯್ࢆ㧗ࡵࡿୖ᳨࡛
ウࡍ࡭ࡁ࣏࢖ࣥࢺ࡜⪃࠼ࡽࢀࡿࠋࡑࡇ࡛㸪ᮏ◊
✲࡛ࡣ௨ୗࡢ㸰Ⅼ࡟ࡘࡁ᳨ウࢆ⾜ࡗࡓࠋ 
ձ⬡㉁㓟໬ຎ໬ᢚไ࡟ᑐࡍࡿ෭෾ ᗘ᮲௳ࡢホ
౯࡜㸪ၟရࡢᢠ㓟໬ᑐ⟇ࡢ㔜せᛶࠋ 
ղࢧࣂ➽⤌⧊ࢱࣥࣃࢡ㉁ࡢ࢔ࣞࣝࢤࣥᛶ࡟㛵ࡍ
ࡿ㸪ࢱࣥࣃࢡ㉁ศᏊ୰ࡢࢪࢫࣝࣇ࢕ࢻ⤖ྜ㔞࡟
╔┠ࡋࡓ᳨ウࠋ 
  ᖹᡂ 23ᖺ 1᭶ 14᪥ཷ⌮ 
  ͊ ᕤᏛ㒊ࣂ࢖࢜⎔ቃᕤᏛ⛉࣭ᩍᤵ 
 ͊  ͊ ᕤᏛ◊✲⛉ᶵᲔ࣭⏕≀໬ᏛᕤᏛᑓᨷ༤ኈ๓ᮇㄢ⛬࣭㸯ᖺ 
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2. ᐇ㦂ᮦᩱ࠾ࡼࡧ᪉ἲ 
 2.1 ヨᩱㄪ〇   
 ヨᩱࡣ㟷᳃┴⏘ᴗᢏ⾡㛤Ⓨࢭࣥࢱ࣮㣗ရ⥲ྜ
◊✲ᡤࡢస〇ࡋࡓࢩ࣓ࢧࣂࢆヨ㦂࡟౪ࡋࡓࠋࢧ
ࣂྠ୍ಶయࡼࡾᚓࡓ2ᯛࡢࣇ࢕࣮ࣞࡢ୍᪉ࢆࡋࡵ
ࢧࣂ࡟ຍᕤࡋ㸪ࡶ࠺୍᪉ࡣ㸪ຍᕤࡏࡎ࡟ᑐ↷ヨ
ᩱࡢ⏕ࡢࣇ࢕࣮ࣞ࡜ࡋ㸪ࡇࡢ୍⤌ࢆࢭࢵࢺ࡜ࡋ
࡚5Ⅼࡢࢧࣥࣉࣝ㸦No.1㹼No.5㸧ࢆ⏝࠸ࡓࠋࡑࢀ
ࡒࢀ⣙㸯ᖺ㛫㸪17Υ㸦No.2㸪No.4㸧㸪30Υ
㸦No.5㸧㸪70Υ㸦No.1㸪No.3㸧࡛෭෾ಖᏑࢆ⾜
ࡗࡓࠋ 
 ෭෾㈓ⶶᚋ㸪ࢧࣂヨᩱࡢᡤᐃ㒊఩ࢆ㸯g ᥇ྲྀࡋ
5ಸᐜࡢ30mM Tris-HCl ࡛㸪ị෭ୗ࡟࡚࣍ࣔࢪࢼ࢖
ࢬࡋࡓᚋ㸪㸯୓ᅇ㌿࡛10ศ㛫㐲ᚰศ㞳ࢆ⾜࠸㸪ࡑ
ࡢୖΎࢆᢳฟヨᩱ࡜ࡋࡓࠋࡇࡢᢳฟヨᩱࢆ
TBARS  ᐃ㸦⬡㉁㓟໬㸧㸪࠾ࡼࡧ࢔ࣞࣝࢠ᳨࣮
ウ㸦㟁ẼὋື㸧ࡢヨᩱ࡜ࡋ࡚౪ࡋࡓࠋ 
 2.2 ෭෾㈓ⶶヨ㦂  
 ୖグ㸪ࢩ࣓ࢧࣂ㸪࠾ࡼࡧྛᑐ↷࡜࡞ࡿ⏕ࢧࣂ
ࢆ෭෾㈓ⶶࡋࡓࠋᮏ◊✲࡛ࡣ㸪ရ㉁ಖᣢࡸ෭෾
㈓ⶶ࣭ὶ㏻➼࡟ᑐࡍࡿ㈓ⶶ ᗘࡢ㛵ಀࢆ᫂ࡽ࠿
࡟ࡍࡿᇶ♏ⓗࢹ࣮ࢱࢆᚓࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࠋ
ᚑࡗ࡚㸪㈓ⶶ ᗘࡸᮇ㛫ࡣ㸪࠶ࡃࡲ࡛ࡶ᭷ຠ࡞
ࢹ࣮ࢱࢆᚓࡿほⅬ࠿ࡽタᐃࢆ⾜࠸㸪ᮇ㛫ࡣ㸯ᖺ
㛫㸪 ᗘࡣ17Υ 㹼 70Υ࡜ᴟ➃࡞᮲௳࡜ࡋ㸪ၟ
ᴗⓗ࡞㈓ⶶ࣭ὶ㏻ ᗘ࡜ࡣ␗࡞ࡗࡓタᐃ࡜࡞ࡗ
࡚࠸ࡿࠋ┿✵ࣃࢵࢡࡉࢀࡓࢩ࣓ࢧࣂ࠾ࡼࡧᑐ↷
ࡢ⏕ࢧࣂࢆୗグࡢྛ෭ⶶᗜ࡛㸪㸯ᖺ㛫㈓ⶶࡋࡓࠋ 
 ㈓ⶶ ᗘ ෭ⶶᗜࡢ✀㢮࣭ᆺᘧ 
 17Υ       ෭෾ᐊᮾⰪ  (GR22) 
 30Υ       㺰㺡㺼㺆㺔㺷㺪㺶㺎㺙㺼㺎  (SANYO MDF330) 
 70Υ       ㉸ప ᵴ  (SANYO MDF492 A) 
⾲࡟㸪ヨᩱࢥ࣮ࢻ㸪㈓ⶶ ᗘ㸦ᦤẶ࠾ࡼࡧ⤯ᑐ
 ᗘ㸧㸪ヨᩱ㔜㔞㸪࠾ࡼࡧ ᐃࢹ࣮ࢱࢆࡲ࡜ࡵ
ࡓࠋᩘᏐࡣヨᩱࡢ␒ྕ࡛㸪M࡜♧ࡋࡓࢩ࣓ࢧࣂ࡜
R࡛♧ࡋࡓᑐ↷ࡢ⏕ࣇ࢕࣮ࣞࡀ⤌࡜࡞ࡾࡑࢀࡒࢀ
17Υ㸪30Υ㸪70Υ࡟୍ᖺ㛫ಖᏑࡋࡓࠋ17Υ࡜
70Υ࡟ࡣ㸰⤌ࡢヨᩱࡀ࠶ࡿࡀ㸪30Υࡣ୍⤌ࡢヨ
ᩱࡢࡳ࡛࠶ࡿࠋྛヨᩱ㔜㔞࡟ࡣ኱ࡁ࡞ᕪࡣ࡞ࡃ
⬡㉁ྵ㔞ࡶ࡯ࡰྠ⛬ᗘ࡜⪃࠼ࡽࢀࡿࠋ 
 2.3 ࢳ࢜ࣂࣝࣅࢶ࣮ࣝ㓟཯ᛂ㝧ᛶ≀㉁ࡢᐃ㔞 
㻌
⾲ ෭෾㈓ⶶヨ㦂࡟࠾ࡅࡿࢩ࣓ࢧࣂ⏕ࢧࣂࡢヨᩱ␒ ྕ㈓ⶶ ᗘ㸪ヨᩱ㔜㔞࠾ࡼࡧ
7%$56 ᐃࢹ࣮ࢱ࡜ྍ⁐ᛶࢱࣥࣃࢡ㉁㔞 
 
 1R FKLOOHGWHPS ZHLJKWD 7%$56E 6RO3URWHLQF ͑
   㸦Υ㸧 . J ȣPROJ PJPO ͑
͑ PDULQDGPDNHUHOࢩ࣓ࢧࣂ       ͑
͑ 0      ͑
͑ 0      ͑
͑ 0      ͑
͑ 0      ͑
͑ 0      ͑
͑ UDZPDFNHUHO⏕ࢧࣂ㺼㻌 㻌 㻌 㻌 ͑
͑ 5      ͑
͑ 5      ͑
͑ 5      ͑
͑ 5     ̿ ͑
͑ 5    B B ͑
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 ᕷ㈍ࡢ࢟ࢵࢺ㸦TBARS assay kit, Cyman chemi- 
cal㸧ࢆ฼⏝ࡋ ᐃࡋࡓࠋᢳฟ⁐ᾮ50ȣl㸪࡬SDS
ヨ⸆ 50ȣl㸪ࢳ࢜ࣂࣝࣅࢶ࣮ࣝ㓟ࢆྵࡴⓎⰍヨ⸆ 
4ȣlࢆຍ࠼㸪1᫬㛫Ἓ㦐Ỉᾎ୰࡛཯ᛂࢆ⾜࠺ࠋࡑ
ࡢᚋ㸪┤ࡕ࡟10ศ㛫ị෭ࡋ㸪3000rpm㸪4Υ࡛㸪10
ศ㛫㸪㐲ᚰࢆ⾜࡞࠺ࠋୖΎࢆูࡢヨ㦂࡬ྲྀࡾἼ
㛗540nm࡛྾ගᗘࢆ ᐃࡋࡓࠋᶆ‽ヨ⸆࡛࠶ࡿ࣐
ࣟࣥࢪ࢔ࣝࢹࣄࢻࢆ0࠿ࡽ50ȣMࡢ⃰ᗘ࡟ㄪ〇ࡋ㸪
ྠᵝࡢ᮲௳࡛ ᐃࡋ㸪ᶆ‽᭤⥺ࢆసᡂࡋࡓࠋࡇ
ࡢᶆ‽᭤⥺ࡼࡾヨᩱࡢTBARS್ࢆィ⟬ࡋࡓࠋ 
 2.4 ࢱࣥࣃࢡ㉁ࡢP%%Uᶆ㆑࡟ࡼࡿࢪࢫࣝࣇ࢕ࢻ
⤖ྜࡢゎᯒ 
 ࢪࢫࣝࣇ࢕ࢻ⤖ྜࡢゎᯒࡣMommaࡢ᪉ἲ㸯㸧࡟
ᚑࡗࡓࠋࢱࣥࣃࢡ㉁ࡢࢪࢫࣝࣇ࢕ࢻᇶࡢᶆ㆑࡟
ࡣ mBBr㸦⺯ගⰍ⣲ࣔࣀࣈࣟࣂ࢖࣓࢖ࣥ㸧ࢆ౑⏝
ࡋࡓࠋヨᩱ⁐ᾮ 85ȣl࡬ 0.5mM ࢪࢳ࢜ࢫࣞ࢖ࢺ࣮
ࣝ㸦DTT㸧ࢆྵࡴ⦆⾪ᾮ㸦30mM Tris-HCl, pH 
7.9㸧25ȣlࢆຍ࠼㸪ᐊ ࡛20ศ㛫㑏ඖ཯ᛂࢆ⾜ࡗ
ࡓࠋḟ࠸࡛㸪20mM mBBr ࢆ 5ȣl ຍ࠼㸪ᐊ ࡛15
ศ㛫཯ᛂࡢᚋ㸪100mM࣓ࣝ࢝ࣉࢺ࢚ࢱࣀ࣮ࣝࢆ
10ȣl㸪20% SDSࢆ5ȣlຍ࠼཯ᛂࢆ೵Ṇࡋ㸪ࡉࡽ࡟
80% ࢢࣜࢭ࣮ࣟࣝ࡜0.005%ࣈࣟࣔࣇ࢙ࣀ࣮ࣝ⁐ᾮ
ࢆຍ࠼㟁ẼὋືヨᩱ࡜ࡋࡓࠋ㑏ඖฎ⌮ࢆࡋ࡚࠸
࡞࠸ヨᩱࢆྠᵝ࡟ mBBr࡛ᶆ㆑ࡋᑐ↷࡜ࡋࡓࠋ㟁
ẼὋືࡣSDSࢆྵࡴ10㹼20㸣ࡢࢢࣛࢹ࢕࢚ࣥࢺ࣏
ࣜ࢔ࢡࣜࣝ࢔࣑ࢻࢤࣝ㸦ᕷ㈍ࡢ᪤〇ࢤࣝ㸧ࢆ౑
⏝ࡋ㸪⾜ࡗࡓࠋMBBr ᶆ㆑ヨᩱࢆࢤࣝ࡬࣮ࣟࢻࡋ㸪
40mA࡟࡚ 80ศ㛫㏻㟁ࡋࡓࠋὋືᚋ㸪ࢤࣝࢆ10%
ࢺࣜࢡࣟࣟ㓑㓟࡛㸯᫬㛫ᅛᐃᚋ㸪40㸣㸦v/v㸧࣓
ࢱࣀ࣮ࣝ, 10%(v/v)㓑㓟୰  ࡛2 ᫬㛫᣺┞ࡋ㸪㐣๫࡞ 
mBBr ࢆ㝖࠸ࡓࠋࢪࢫࣝࣇ࢕ࢻᇶࢆ⺯ගᶆ㆑ࡉࢀ
ࡓࢱࣥࣃࢡ㉁ࡢࣂࣥࢻࡣࢺࣛࣥࢫ࢖࣑ࣝࢿ࣮ࢱ
㸦365nm㸧ୖ᳨࡛ฟࡋ㸪ࣇ࢕ࣝࢱ࣮ࢆ⿦╔ࡋࡓࢹ
ࢪࢱ࣓ࣝ࢝ࣛ㸦DC290 Zoom㸧࡛᧜ᙳࡋࡓࠋ⺯ග
⏬ീࡣゎᯒࢯࣇࢺEDAS290 (Kodak1D)࡛ィ ࡋ㸪
ྛࣂࣥࢻࡢ⺯ගᙉᗘࢆィ⟬ࡋࡓࠋḟ࡟ࢱࣥࣃࢡ
㉁ࡢ⏬ീࢆほᐹࡍࡿࡓࡵ㸪⺯ග⏬ീ᧜ᙳᚋࡢ㟁
ẼὋືࢤࣝࢆ CBB㸦ࢡ࣮࣐ࢪ࣮ࣈࣜࣜ࢔ࣥࢺࣈ
࣮ࣝ㸧ᰁⰍࡋࡓࠋ⬺Ⰽᚋ㸪ศ㞳ࣃࢱ࣮ࣥࢆࣈࣛ
࢖ࢺ࣎ࢵࢡࢫୖ࡛ࣇ࢕ࣝࢱ࣮ࢆࡣࡎࡋࡓࢹࢪࢱ
࣓࡛ࣝ࢝ࣛ᧜ᙳࡋ㸪ྠᵝ࡟⏬ീࢆゎᯒࢯࣇࢺ
EDAS290 (Kodak1D)࡛ゎᯒࡋ㸪ྛࣂࣥࢻࡢࢱࣥࣃ
ࢡᰁⰍᙉᗘࢆィ⟬ࡋࡓࠋࡇࢀࡽࡢ⤖ᯝ࠿ࡽ㸪
mBBr ᶆ㆑ࡋࡓ࡜ࡁࡢ୺せࣂࣥࢻࡢ⺯ගᙉᗘ࡜
CBBᰁⰍ࡟࠾ࡅࡿࣂࣥࢻ⃰ᗘࢆẚ㍑ࡋࡓࠋ 
 2.5 ࡑࡢ௚ࡢศᯒ 
 ࢱࣥࣃࢡ㉁ࡢᐃ㔞ࡣᕷ㈍ࡢ࢟ࢵࢺ㸦ࣉࣟࢸ࢖
ࣥ࢔ࢵࢭ࢖㸪BioRad㸧ࢆ⏝࠸㸪ࢡ࣮࣐ࢪ࣮ࣈࣜࣜ
࢔ࣥࢺࣈ࣮ࣝᰁⰍࡋ 595nm ࡢ྾ගᗘࢆ ᐃࡋ⾜
ࡗࡓࠋ 
3. ᐇ㦂⤖ᯝ࠾ࡼࡧ⪃ᐹ 
 3.1 ᢳฟヨᩱ୰ࡢྍ⁐ᛶࢱࣥࣃࢡ㉁ 
 ࢩ࣓ࢧࣂࡢຍᕤ࡟ࡼࡾࢱࣥࣃࢡ㉁ࡣ㓟ኚᛶࡋ㸪
࣍ࣔࢪࢿ࣮ࢺ㐲ᚰୖΎࡢྍ⁐ᛶࢱࣥࣃࢡ㉁㔞ࡣ
ⴭࡋࡃపୗࡋࡓࠋࡇࡢ㐲ᚰୖΎヨᩱࢆTBARS್
 ᐃ࡬౑⏝ࡍࡿࡇ࡜࡜ࡋ࡚࠸ࡿࡓࡵ㸪ୖΎヨᩱ
୰ࡢࢱࣥࣃࢡ㉁ࡢ⃰ᗘࡢῶᑡࡀTBARS್ ᐃ࡬
ᙳ㡪ࢆཬࡰࡉ࡞࠸࠿࡟ࡘ࠸࡚㸪ࡣࡌࡵ࡟⪃ᐹࡋ
ࡓࠋྛ㈓ⶶ ᗘࡢࢩ࣓ࢧࣂ㸪࠾ࡼࡧ⏕ࢧࣂࡢྍ
⁐ᛶࢱࣥࣃࢡ㉁㔞࡜TBARS್ࡢẚ㍑ࢆ⾜ࡗࡓ
㸦ᅗ㸯㸧ࠋࡋ࠿ࡋ㸪TBARS್࡜ྍ⁐ᛶࢱࣥࣃࢡ
㉁㔞࡟ẚ౛㛵ಀࡣ↓ࡃ㸪㓟໬⏕ᡂ≀ࡢᢳฟຠ⋡
ࡣྍ⁐ᛶࢱࣥࣃࢡ㉁㔞࠿ࡽ⊂❧ࡋ࡚࠸ࡿࡇ࡜ࡀ
⪃࠼ࡽࢀ㸪ࡇࡢୖΎヨᩱࢆ౑⏝ࡋ࡚TBARS್ࡢ
ẚ㍑᳨ウࢆ⾜࠺ࡇ࡜ࡣྍ⬟࡜ุ᩿ࡋࡓࠋ 
  
 
 3.2 ෭෾ಖᏑࢩ࣓ࢧࣂࡢ⬡㉁ຎ໬࡟ᑐࡍࡿ㈓ⶶ
 ᗘࡢᙳ㡪 
㻜
㻞
㻠
㻢
㻤
㻝㻜
㻝㻞
㻝㻤㻜 㻞㻝㻜 㻞㻠㻜 㻞㻣㻜
㼀㻔㻷㻕
㼟㼛
㼘㼡
㼎㼘
㼑㻌
㼜㼞
㼛㼠
㼑㼕
㼚㻌
㻔㼙
㼓㻛
㼙
㼘㻕
㼞㼍㼣
㼙㼍㼞㼕㼚㼍㼐
㻜
㻠㻜
㻤㻜
㻝㻞㻜
㻝㻤㻜 㻞㻝㻜 㻞㻠㻜 㻞㻣㻜
㼀㻔㻷㻕
㼀㻮
㻭㻾
㻿㻌
㻔䃛
㼙
㼛㼘
㻛㼓
㻕
 
  
ᅗ㸯ࢩ࣓ࢧࣂ࠾ࡼࡧࢧࣂ⤌⧊ᢳฟヨᩱࡢྍ⁐ᛶࢱࣥࣃࢡ㉁
㔞㸦ᕥ㸧࡜7%$56್㸦ྑ㸧ࡢẚ㍑  
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 ࢧࣂࡣ㩭ᗘຎ໬ࡢⴭࡋ࠸㨶ࡢ௦⾲࡛࠶ࡾ㸪⬡
㉁ྵ᭷㔞ࡢ㧗ࡉࡀࡑࡢཎᅉ࡜ࡉࢀࡿࠋ㧗ᗘ୙㣬
࿴⬡⫫㓟ࡣ㓟໬཯ᛂ࡟ࡼࡾ㸪ࣛࢪ࢝ࣝ✀ࢆ⤒࡚㸪
୍ḟⓗ࡟⬡㉁ࣄࢻࣟ࣌ࣝ࢜࢟ࢩࢻ㢮㸪஧ḟⓗ࡟
࢔ࣝࢹࣄࢻ㢮㸪ప⣭⬡⫫㓟㢮㸪Ⅳ໬Ỉ⣲㢮࡞࡝
ᵝࠎ࡞཯ᛂ≀ࡀ⏕ᡂࡋ㸪ࡇࢀࡽࡣ㓟ᩋ⮯ࡢཎᅉ
࡜࡞ࡾ㸪୰࡟ࡣ᭷ᐖᛶࢆ♧ࡍࡶࡢࡶ࠶ࡿࠋࡋࡓ
ࡀࡗ࡚㸪⬡㉁ຎ໬ᗘࡢุᐃ࡟ࡣ㸪ࡇࢀࡽࡢ⏕ᡂ
ࡋࡓᡂศࡢ᳨ฟ࣭ᐃ㔞࡟ࡼࡗ࡚࡞ࡉࢀࡿࡀ㸪ᮏ
◊✲࡛ࡣἜ⬡㓟໬ຎ໬ࡢᑻᗘ࡜ࡋ࡚㸪⬡㉁㐣㓟
໬཯ᛂ࡟࠾࠸࡚᭱ࡶከࡃࡢᡂศࢆ⥲ྜⓗ࡟ ᐃ
ࡍࡿ᪉ἲ࡜ࡋ࡚ࡼࡃ฼⏝ࡉࢀ࡚࠸ࡿ㸪ࢳ࢜ࣂࣝ
ࣅࢶ࣮ࣝ㓟཯ᛂ㝧ᛶ≀㉁㸦TBARS㸧ࢆ ᐃࡍࡿ
ࡇ࡜࡜ࡋࡓࠋ 
ྛ㈓ⶶ ᗘ࡟࠾ࡅࡿࢩ࣓ࢧࣂ࠾ࡼࡧ⏕ࢧࣂヨᩱ
ࡢTBARS್ࢆ⾲࡟♧ࡋࡓࠋࡲࡓ㸪TBARS್ࡢ⤯
ᑐ ᗘ࡟ᑐࡍࡿኚ໬ࢆᩓᕸᅗ࡜ࡋ࡚ᅗ 2㸦ᕥ㸧ࡢ
ࢢࣛࣇ࡟⧳ࡵࡓࠋࢩ࣓ࢧࣂ㸪⏕ࢧࣂ࠸ࡎࢀࡢヨ
ᩱࡶ ᗘࡀ㧗࠸࡯࡝㧗ࡃ࡞ࡿഴྥࢆ♧ࡋࡓࡀ㸪
ࢩ࣓ࢧࣂヨᩱ࡛ࡣ30Υ࡜17Υࡢ㛫࡟ኚ໬ࡣㄆࡵ
ࡽࢀ࡞࠿ࡗࡓࠋࡇࢀࡽࡢ⤖ᯝࢆ࢔ࣞࢽ࢘ࢫࣉࣟ
ࢵࢺ࡟ᩚ⌮ࡋ ᅗ 2㸦ྑ㸧࡟♧ࡍࠋ࢔ࣞࢽ࢘ࢫࣉࣟ
ࢵࢺࡣ཯ᛂࡀ཯ᛂ ᗘ࡟つᐃࡉࢀ࡚࠸ࡿࡇ࡜ࢆ
᳨ウࡍࡿ㛵ಀᘧ࡛࠶ࡾ㸪⤯ᑐ ᗘࡢ㏫ᩘ࡟ᑐࡍ
ࡿ㏿ᗘᐃᩘࡢᑐᩘ್ࡢ┦㛵ᛶࢆ♧ࡋࡓࡶࡢ࡛࠶
ࡿࠋಶయ࡟ࡼࡾTBARS್ࡀ࠿࡞ࡾ␗࡞ࡿࢹ࣮ࢱ
ࡀ࠶ࡾ㸪ࡇࡢ ᗘ᮲௳࡜ࢹ࣮ࢱᩘࡔࡅ࡛☜࠿࡞
ุ᩿ࡣ࡛ࡁ࡞࠸ࡀ㸪TBARS್࡜㈓ⶶ ᗘࡣ࢔ࣞ
ࢽ࢘ࢫࡢᘧ࡟ᚑ࠺ྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿࠋࡍ࡞ࢃ
ࡕ㸪TBARS್࡛⾲ࢃࡉࢀࡿ⬡㉁㓟໬ࡼࡿရ㉁ຎ
໬ࡣ ᗘୖ᪼࡟క࠸㸪ᣦᩘᑐᩘⓗ࡟ቑ኱ࡍࡿࡶ
ࡢ࡜⪃࠼ࡽࢀࡿࠋ㛗ᮇಖᏑ᮲௳ࡢࡶ࡜࡛ࡣ㸪 
70Υࡢࡳ࡛TBARS್ࡣపࡃᢚ࠼ࡽࢀ࡚࠸࡚㸪
30Υ⛬ᗘ࡛ࡣ㓟໬཯ᛂࡢ㐍⾜ࢆᢚ࠼ࡿࡇ࡜ࡣฟ
᮶ࡎ㸪TBARS್ࡣୖ᪼ࡋ17Υࡢ್࡜㏆࠸ࣞ࣋ࣝ
࡜࡞ࡗ࡚࠸ࡓࠋᚑࡗ࡚㸪㈓ⶶ ᗘ᮲௳ࡢࡳ࡟㝈
ࡗ࡚㸪㓟໬཯ᛂࡢ㐍⾜ࢆᢚ࠼ࡿ᮲௳ࢆ⪃࠼ࡿ࡜㸪
㈓ⶶ ᗘ࡜ࡋ࡚ࡣ 70Υ ⛬ᗘࡢ㉸ప ᇦ࡛࡞࠸࡜
㓟໬ࢆᢚ࠼ࡽࢀ࡞࠸ྍ⬟ᛶࡀ⪃࠼ࡽࢀࡓࠋࡋ࠿
ࡋ㸪୍⯡ⓗ࡟㓟໬㜵Ṇࢆ᳨ウࡍࡿ㝿ࡣ㓟⣲㝖ཤ
ࡀ኱ࡁ࡞㘽࡜࡞ࡗ࡚࠾ࡾ㸪⬡㉁㓟໬࡟క࠺ရ㉁
ຎ໬ᑐ⟇࡬ࡢᑐᛂ࡜ࡋ࡚ࡣ⥲ྜⓗ࡞⪃៖ࡀᚲせ
࡛࠶ࡿࠋࢩ࣓ࢧࣂ〇ရࡢ㓟໬㜵Ṇᑐ⟇ࡢ⌧≧ࡣ
Ⰻࡃᢎ▱ࡋ࡚࠸࡞࠸ࡀ㸪ၟᴗⓗὶ㏻࡟࠾ࡅࡿ෭
෾ ᗘ࡛ࡣ㓟໬ࡢᢚไຠᯝࡣⷧࡃ㸪〇ရࡢ㓟໬
㜵Ṇᑐ⟇2)ࢆྥୖࡉࡏࡿࡇ࡜࡟ࡼࡾၟရᑑ࿨ࢆᘏ
ࡤࡍࡇ࡜ࡸရ㉁ྥୖࢆ㐩ᡂ࡛ࡁࡿྍ⬟ᛶࡀ⪃࠼
ࡽࢀࡿࠋ 
ᅗ 2㸦ྑ㸧࡟♧ࡍ࢔ࣞࢽ࢘ࢫࣉࣟࢵࢺࡢഴࡁࡣ
⬡㉁㓟໬ࡢ㏿ᗘ㸦ṇࡋࡃࡣάᛶ໬࢚ࢿࣝࢠ࣮㸧
ࢆ⾲ࢃࡍࡀ㸪௒ᅇࡢ⤖ᯝ࡛ࡣ௨ୖࡢࡼ࠺࡟ಶయ
㛫࡛ࢹ࣮ࢱ࡟኱ࡁ࡞ᕪࡀ⏕ࡌ୍࡚ᴫ࡟ホ౯ࡍࡿ
ࡇ࡜ࡣ㞴ࡋ࠸ࠋࡍ࡞ࢃࡕ㸪17Υ࡟࠾ࡅࡿ㸪ࢩ࣓
ࢧࣂ࡜⏕ࢧࣂࡢTBARS್ࢆẚ㍑ࡍࡿ࡜ࢩ࣓ࢧࣂ
ࡣ㸰ࡘࡢヨᩱࡣඹ࡟⣙45ȣmol/gࡢ್ࢆ♧ࡋࡓࡢ
࡟ᑐࡋ㸪⏕ࢧࣂࡢヨᩱ㸲࡛ࡣ100ȣmol/gࢆ㉺ࡍ⣙
 
㼥㻌㻩㻌㻙㻟㻚㻜㻝㻟㻡㼤㻌㻗㻌㻝㻢㻚㻜㻥
㻾㻞㻌㻩㻌㻜㻚㻣㻣㻢㻣
㼥㻌㻩㻌㻙㻜㻚㻥㻞㻠㼤㻌㻗㻌㻣㻚㻡㻜㻡㻤
㻾㻞㻌㻩㻌㻜㻚㻤㻜㻥㻣
㻜
㻝
㻞
㻟
㻠
㻡
㻢
㻟㻚㻡 㻠 㻠㻚㻡 㻡 㻡㻚㻡
㻝㻛㼀㽢㻝㻜㻙㻟
㻸㼚
㻌㻔㼀
㻮㻭
㻾㻿
㻌㼘㼑
㼢㼑
㼘㻕
㻜
㻞㻜
㻠㻜
㻢㻜
㻤㻜
㻝㻜㻜
㻝㻞㻜
㻝㻤㻜 㻞㻜㻜 㻞㻞㻜 㻞㻠㻜 㻞㻢㻜 㻞㻤㻜
㼀㻌㻔㻷㻕
㼀㻮
㻭㻾
㻿㻌
㻔䃛
㼙
㼛㼘
㻛㼓
㻕
㼞㼍㼣
㼙㼍㼞㼕㼚㼍㼐
ᅗ 2 ᕥྛ㈓ⶶ ᗘ㸦⤯ᑐ ᗘ㸧࡟࠾ࡅࡿ 7%$56್
ࢩ࣓ࢧࣂە࠾ࡼࡧᑐ↷ࡢ⏕ࢧࣂۑࢆ.
Υ.Υ㸪.Υ࡛⣙㸯ᖺ㛫㈓ⶶ
ࡍࡿࠋྑ7%$56 ⏕ᡂ཯ᛂ࡟࠾ࡅࡿ࢔ࣞࢽ࢘ࢫࣉ
ࣟࢵࢺࠋ
㻟㻣㻚㻥
㻡㻝㻚㻣
㻝㻝㻚㻝
㻞㻠㻚㻡
㻝㻚㻝㻜
㻝㻠㻚㻟
㻜
㻞㻜
㻠㻜
㻢㻜
㻤㻜
㼞㼍㼣 㼙㼍㼞㼕㼚㼍㼐
㼀㻮
㻭㻾
㻿㻌
㻔䃛
㼙
㼛㼘
㻛㼓
㻕

ᅗ 3 ࢩ࣓ࢧࣂຍᕤ᫬ࡢ⬡㉁㓟໬㸦7%$56 ್㸧ࡢୖ᪼
ࠐ㸸㸫ΥಖᏑヨᩱ㸪ڹ㸸㸫ΥಖᏑヨᩱ㸪ⓑ㸸⏕
ࢧࣂ㯮㸸ࢩ࣓ࢧࣂ
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㸰ಸࡢ್࡬ୖ᪼ࡋ࡚࠸ࡓࠋࢧࣥࣉࣝᩘࡀ㸰ࡘࡔ
ࡅ࡛࠶ࡿࡢ࡛㸪ࢩ࣓ࢧࣂ࡜⏕ࢧࣂ࡛㓟໬ຎ໬࡟
ᕪࡀ࠶ࡿ࠿࡝࠺࠿ุ᩿ࡣ࡛ࡁ࡞࠸ࠋࡲࡓ㸪70Υ
࡟࠾࠸࡚㸪⏕ࢧࣂࡢ㸰ࡘࡢヨᩱࡢ㛫࡛TBARS್
࡟10ಸࡢ኱ࡁ࡞㐪࠸ࡀㄆࡵࡽࢀࡓࠋࡇࢀࡣ㈓ⶶࡍ
ࡿ௨๓ࡢ⬡㉁㓟໬ࡢ≧ἣࢆ཯ᫎࡋࡓࡶࡢ࡜⪃࠼
ࡽࢀࡿࠋᅗ 2ࡼࡾ㸪ࢩ࣓ࢧࣂ࡜⏕ࢧࣂࡢ⬡㉁㓟໬
㏿ᗘࡢẚ㍑ࡣୖグࡢ⌮⏤ࡼࡾ୍ᴫ࡟ࡣฟ᮶࡞࠸
ࡀ㸪௨ୖࡢࡇ࡜ࢆ⪃៖ࡍࡿ࡜㸪㓟໬㏿ᗘ࡟ࡣᕪ
ࡢ↓࠸ྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿࠋ 
 ⬡㉁ຎ໬ࡀᢚ࠼ࡽࢀ㈓ⶶ㛤ጞ᫬ࡢ≧ἣࡀಖᏑ
ࡉࢀ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡓ㸪70Υࡢ஧⤌ࡢヨᩱ࡟
ࡘ࠸࡚ࢩ࣓ࢧࣂ࠾ࡼࡧ⏕ࢧࣂࡢTBARS್ࢆẚ㍑
ࡋࡓ㸦ᅗ 3㸧ࠋ஧⤌ࡢヨᩱࡢ್ࡣ࠿࡞ࡾ␗࡞ࡗ࡚
࠸ࡓࡀ㸪ྠ୍ಶయࡢࢩ࣓ࢧࣂ࠾ࡼࡧ⏕ࢧࣂヨᩱ
㛫࡛TBARS್ࡢẚ㍑ࢆ⾜࠺ࡇ࡜࡟ࡼࡾຍᕤ࡟క
࠺⬡㉁ຎ໬ࢆ᳨ウྍ⬟࡜⪃࠼ࡓࠋࡑࢀࡒࢀࡢヨ
ᩱ࡟࠾࠸࡚ࢩ࣓ࢧࣂࡢ᪉ࡀ⣙10ȣmol/gୖ᪼ࡋ࡚
࠸ࡿࡇ࡜ࡀศ࠿ࡾ㸪ຍᕤ᫬࡟⬡㉁㓟໬ࡢ㐍ࡴࡇ
࡜ࡀ⪃࠼ࡽࢀࡿ3)ࠋࡲࡓ㸪30Υ࡟࠾࠸࡚ࡶ⣙14ȣ
mol/gୖ᪼ࡋ࡚࠸ࡿࠋ୍⯡࡟pHࡢపୗࡣ⤌⧊ᾮࡢ
ὶฟࢆᘬࡁ㉳ࡇࡍࡇ࡜ࡀ▱ࡽࢀ࡚࠾ࡾ㸪⤌⧊ᾮ
୰࡟ࡣ࣒࣊㕲࡞࡝ࡢ㔠ᒓࡀྵࡲࢀࡿࠋᚑࡗ࡚㸪
ࢩ࣓ࢧࣂࡀ㧗࠸TBARS್ࢆ࡜ࡿせᅉ࡟ࡣຍᕤฎ
⌮᧯స࡟క࠺ୖ᪼ࡢ௚࡟㸪⤌⧊ᾮ୰ࡢ㔠ᒓඖ⣲
ࡀ㓟໬ゐ፹࡜࡞ࡾஹ㐍ࡋࡓ㒊ศࡶᏑᅾࡍࡿࡇ࡜
ࡀ⪃࠼ࡽࢀࡿࠋࢫ࣑ࣜ〇㐀࡞࡝Ỉ⏘ຍᕤ᫬࡟࠾
ࡅࡿ㓟໬ຎ໬ࡢஹ㐍ࡀㄢ㢟࡜࡞ࡗ࡚࠸ࡿࡀ㸪ࢩ
࣓ࢧࣂ࡟࠾࠸࡚ࡶຍᕤ᫬ࡢ㓟໬ຎ໬ࡀ࡝ࡢ⛬ᗘ
࠿ࢆᢕᥱࡋ㸪〇ရࡢရ㉁࡟ཬࡰࡍᙳ㡪ࢆ᳨ウࡋ
࡚࠾ࡃࡇ࡜ࡣᚲせ࡛࠶ࢁ࠺ࠋ 
 3.4 ࢧࣂ➽⤌⧊ࢱࣥࣃࢡ㉁ࡢ࢔ࣞࣝࢤࣥᛶ 
 㣗≀࢔ࣞࣝࢠ࣮࡟㛵ࡍࡿ㛵ᚰࡢ㧗ࡲࡾ࡟క࠸㸪
⌧ᅾ࢔ࣞࣝࢠ࣮౛ࡢከ࠸㣗≀ᡂศࢆྵࡴ㣗ရࡣ
ࡑࡢ᪨ࢆ⾲♧ࡍࡿࡇ࡜ࡀᐃࡵࡽࢀ࡚࠸ࡿࠋ⾲♧
ࡀồࡵࡽࢀ࡚࠸ࡿ࢔ࣞࣝࢠ࣮≀㉁ࢆྵࡴ≉ᐃཎ
ᮦᩱࡣ㸪≉࡟Ⓨ⑕౛ᩘࡀከࡃᚲࡎ⾲♧ࡋ࡞ࡅࢀ
ࡤ࡞ࡽ࡞࠸㸪༸㸪ங㸪ᑠ㯏㸪ࡑࡤ㸪ⴠⰼ⏕ࡢ5ရ
┠࡜㸪ྍ⬟࡞㝈ࡾ⾲♧ࡍࡿࡇ࡜ࡀồࡵࡽࢀ࡚࠸
ࡿ20ရ┠ࡀ࠶ࡿࠋࢧࣂࡣᚋ⪅ࡢ20ရ┠ࡢ୍ࡘ࡛࠶
ࡾ㸪ࢧࣂ࡟࢔ࣞࣝࢠ࣮ࢆ♧ࡍேࡶᑡ࡞ࡃ࡞࠸ࠋ
㟷㨶࡟ඹ㏻ࡍࡿၥ㢟࡜ࡋ࡚ࡣ㸪≉࡟㩭ᗘࡢపୗ
࡟క࠺ࣄࢫࢱ࣑ࣥࡢቑຍࡀ࠶ࡾ㸪࢔ࣞࣝࢠ࣮ᵝ
㣗୰ẘࢆⓎ⑕ࡉࡏࡿཎᅉ࡜࡞ࡗ࡚࠸ࡿࠋ࢔ࣞࣝ
ࢠ࣮ࡣ㸪࠶ࡿ㣗ရ୰࡟ྵࡲࢀࡿᡂศ࡟ᑐࡋ㸪୍
㒊ࡢேࡓࡕ㸦኱ே㸹⣙㸯㹼㸰%㸪Ꮚ౪㸹⣙㸳㹼
㸶%㸧ࡀ㸪࠿ࡺࡳࡸࡌࢇࡲ⑈㸪㢌③㸪ྤࡁẼ㸪჎
ྤ㸪ୗ⑩ࢆ㉳ࡇࡋ㸪⃭ࡋ࠸ሙྜࡣࢩࣙࢵࢡ⑕≧
ࢆ㉳ࡇࡋ᭱ᝏࡢയྜࡣṚஸࡍࡿࡇ࡜ࡶ࠶ࡿࠋከ
ࡃࡢሙྜ㸪ࡑࢀࡽࢆ㉳ࡇࡍᡂศࡣ㸪ࡑࡢ㣗≀࡟
ྵࡲࢀࡿ≉᭷ࡢࢱࣥࣃࢡ㉁࡛࠶ࡿࡇ࡜ࡀከ࠸ࠋ
ࢧࣂࡢ࢔ࣞࣝࢠ࣮ࡢࡶ࠺୍ࡘࡢཎᅉ࡜ࡋ࡚ࡣ㸪
ࢧࣂ࡟ᐤ⏕ࡍࡿ࢔ࢽࢧ࢟ࢫࡢࢱࣥࣃࢡ㉁ࡀཎᅉ
࡜࡞ࡗ࡚࠸ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࠋ㣗ရ࢔ࣞࣝ
ࢠ࣮ࡢཎᅉ࡜࡞ࡿ࢔ࣞࣝࢤࣥࡣ170✀࡯࡝ࡀ᫂ࡽ
࠿࡟ࡉࢀ࡚࠸ࡿࡀ㸪ཎᅉࡀ᫂ࡽ࠿࡛࡞࠸࢔ࣞࣝ
ࢠ࣮ࡢ᪉ࡀࡴࡋࢁከ࠸ࠋ㣗ရࢱࣥࣃࢡ㉁ࡢ࢔ࣞ
ࣝࢤࣥᛶࢆㄪ࡭ࡿ᪉ἲ࡜ࡋ࡚ࡣ୍⯡࡟㸪ձᾘ໬
ᛶࡀᝏ࠸࠿㸦ᾘ໬ᛶࡀᝏ࠸ሙྜ10㹼70kDaࡢ࣌ࣉ
ࢱ࢖ࢻࡀṧࡿ㸧㸪ղ᪤Ꮡ࢔ࣞࣝࢤࣥࡢ࢔࣑ࣀ㓟
㓄ิ࡟┦ྠᛶࡀ࠶ࡿ࠿㸪ճࡑࡢࢱࣥࣃࢡ㉁ࡀ㣗
ရ୰ࡢ୺せࢱࣥࣃࢡ㉁࡛࠶ࡿ࠿㸪࡞࡝ࢆㄪ࡭ホ
౯ࡉࢀࡿࠋ㏆ᖺ㸪࢔ࣞࣝࢤࣥೃ⿵ࡢࢱࣥࣃࢡ㉁
࡟ࢪࢫࣝࣇ࢕ࢻ⤖ྜࡀከ࠸࡜ࡢ▱ぢ࠿ࡽ㸪ࢪࢫ
ࣝࣇ࢕ࢻ⤖ྜࡣ㣗ရࢱࣥࣃࢡ㉁ࡢ࢔ࣞࣝࢤࣥᛶ
࡟㛵୚ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡟࡞ࡾࡘࡘ࠶ࡿࠋࡑࡇ
࡛㸪ᮏ◊✲࡛ࡣࢪࢫࣝࣇ࢕ࢻ⤖ྜ࡟╔┠ࡋ㸪ࢧ
ࣂ➽⤌⧊ࢱࣥࣃࢡ㉁ࡢ᳨ウࢆ⾜ࡗࡓࠋ⿵㊊࡛࠶
ࡿࡀ㸪ࢪࢫࣝࣇ࢕ࢻ⤖ྜࡣᮏ᮶㸪ࢱࣥࣃࢡ㉁ࡢ
ศᏊෆ࡛ศᏊᵓ㐀ಖᣢࡸάᛶไᚚ࡟㛵୚ࡋ࡚࠸
ࡿ⤖ྜ࡛࠶ࡿࠋ 
 3.5 ྍ ⁐ᛶࢱࣥࣃࢡ㉁ࢪࢫࣝࣇ࢕ࢻ⤖ྜ㔞 
 17Υ㸪30Υ㸪70Υ࡛㈓ⶶࡋࡓ㸪ࢩ࣓ࢧࣂ
㸦M㸧㸪⏕ࢧࣂ㸦R㸧ࡢヨᩱࡢSDS-PAGEࣃࢱ࣮
ࣥࢆ ᅗ4㸦ᕥ㸧࡟♧ࡋࡓࠋࢩ࣓ࢧࣂヨᩱ࡛ࡣ๓㏙
ࡢࡼ࠺࡟ྍ⁐ᛶࢱࣥࣃࢡ㉁ࡀῶᑡࡋ㸪ࡇࢀ࡟క
࠸⣙ 85kDa ࡢ㔜㙐࣑࢜ࢩࣥ࡜⪃࠼ࡽࢀࡿࣂࣥࢻࡀ
ῶᑡࡋࡓࠋࡋ࠿ࡋ㸪ྍ⁐ᛶࢱࣥࣃࢡ㉁ࡢศ㞳ࣃ
ࢱ࣮ࣥ࡟ࡣ㸪ࢩ࣓ࢧࣂ࡜⏕ࢧࣂࡢ㛫㸪࠾ࡼࡧྛ
㈓ⶶ ᗘࡢ㐪࠸ࡼࡿ኱ࡁ࡞ኚ໬ࡣほᐹࡉࢀ࡞࠿
ࡗࡓࠋほᐹࡉࢀࡓࣂࣥࢻࡢ࡯࡜ࢇ࡝ࡣ࣑࢜ࢩࣥ
࡜⪃࠼ࡽࢀࡿࠋ 
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 ࢔ࣞࣝࢤࣥ࡜ࡉࢀࡿࢱࣥࣃࢡ㉁ࡢከࡃࡀࢪࢫ
ࣝࣇ࢕ࢻࢱࣥࣃࢡ㉁࡛࠶ࡾ㸪ࢱࣥࣃࢡ㉁ศᏊෆ
ᯫᶫ⤖ྜ࡟ࡼࡿᵓ㐀Ᏻᐃ໬࡟ࡼࡿ࢔ࣞࣝࢤࣥᛶ
࡬ࡢ㛵୚ࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋࡑࡇ࡛㸪ྛ ᗘ࡛
㈓ⶶࡋࡓ㸪ࢩ࣓ࢧࣂ㸪⏕ࢧࣂࡢヨᩱ࡟ࡘ࠸࡚㸪
ࢱࣥࣃࢡ㉁ࡢࢪࢫࣝࣇ࢕ࢻ⤖ྜࢆゎᯒࡋࡓࠋࢪ
ࢫࣝࣇ࢕ࢻ⤖ྜ࡟ᑐࡍࡿ㑏ඖฎ⌮ࢆࡋ࡞࠸ࢥࣥ
ࢺ࣮ࣟࣝ㸪㸳mM DTT࡜࡜ࡶ࡟↻Ἓฎ⌮ࡋࢪࢫࣝ
ࣇ࢕ࢻ⤖ྜࢆ᏶඲࡟㑏ඖฎ⌮ࡋࡓヨᩱࢆ㸪ࢳ࢜
࣮ࣝᇶ࡟≉␗ⓗ࡞⺯ගⰍ⣲mBBR㸦ࣔࣀࣈࣟࣔࣂ
࢖࣓࢖ࣥ㸧࡛ᶆ㆑ࡋ㟁ẼὋືࡋࡓ㸦ᅗ4㸪ྑ㸧ࠋ
Ὃື࡟౪ࡋࡓヨᩱࡣྍ⁐ᛶࢱࣥࣃࢡ㉁㔞ࡀࢩ࣓
ࢧࣂヨᩱ࡛ᑡ࡞࠿ࡗࡓࡓࡵ㸪⏕ࢧࣂヨᩱࡢ㸶ಸ
㔞࡜ࡋࡓࠋ㑏ඖฎ⌮ࡋࡓ࠸ࡎࢀࡢヨᩱ࡛ࡶCBBᰁ
Ⰽ࡛ほᐹࡉࢀࡓྛࣂࣥࢻ࡟⺯ගࡀ᳨ฟࡉࢀࡓࠋ
ྛࣂࣥࢻࡈ࡜࡟CBBࡢᰁⰍᙉᗘ㸦ࢱࣥࣃࢡ㉁㔞࡟
ᑐᛂ㸧࡜ mBBR ࡢ⺯ගᙉᗘ㸦ࢪࢫࣝࣇ࢕ࢻ⤖ྜ
㔞࡟ᑐᛂ㸧ࢆᩚ⌮ࡋ㸪୧⪅ࡢẚࢆồࡵྵ᭷ẚ⋡
ࢆィ⟬ࡋࡓࠋࡋ࠿ࡋ㸪࠸ࡎࢀࡢࣂࣥࢻ࡟ࡶ≉ู
࡟ࢪࢫࣝࣇ࢕ࢻ⤖ྜࡢྵ᭷ẚ⋡ࡢ㧗࠸ࢱࣥࣃࢡ
㉁ࢆぢࡘࡅࡿࡇ࡜ࡣฟ᮶ࡎ㸪௒ᅇࡢほᐹ࠿ࡽ࢔
ࣞࣝࢠ࣮࡟㛵ࡍࡿ⪃ᐹࡣ⾜࠼࡞࠿ࡗࡓࠋࡋ࠿ࡋ㸪
࢔ࣞࣝࢤࣥࢱࣥࣃࢡ㉁ࡣ୍⯡࡟ሷྍ⁐ᛶ⏬ศ࡟
ྵࡲࢀࡿ࡜ࡉࢀ࡚࠸ࡿࠋ௒ᅇࡣ 30mM Tris-HCl࡛
ᢳฟࡉࢀࡓࢱࣥࣃࢡ㉁ࢆᑐ㇟࡜ࡋ࡚ศᯒࡋࡓࡀ㸪
࢔ࣞࣝࢤࣥࡢᠱᛕࡉࢀࡿሷྍ⁐ᛶ⏬ศࡢᡂศࡸ
㞴ᾘ໬ᛶࡢࢱࣥࣃࢡ㉁ࢆᑐ㇟࡜ࡋ࡚㸪ࢪࢫࣝࣇ
࢕ࢻ⤖ྜࡢホ౯ࢆ⾜࠺ࡇ࡜ࡀᚲせ࡜⪃࠼ࡽࢀࡓࠋ 
4.  ⤖ㄽ 
㸯㸧ࢧࣂ㸪࠾ࡼࡧࢩ࣓ࢧࣂࡢ⬡㉁㓟໬ຎ໬ࡣ㸪
Υ⛬ᗘࡢ㉸ప ᇦ࡛࡞࠸࡜ᢚ࠼ࡽࢀࡎ㸪ၟᴗ
ⓗ࡞ὶ㏻ࡢ෭෾ ᗘ࡛ࡣ㓟໬ࡣ㑊ࡅࡽࢀ࡞࠸ࠋ
ᚑࡗ࡚㸪〇ရࡢ㓟໬㜵Ṇᑐ⟇ࢆྥୖࡉࡏࡿࡇ࡜
ࡣ㸪ၟရᑑ࿨ࢆᘏࡤࡍࡇ࡜ࡸရ㉁ࡢྥୖ࡟࡜ࡗ
࡚ຠᯝⓗ࡞ྲྀࡾ⤌ࡳ࡜⪃࠼ࡽࢀࡿࠋ㸰㸧ࢩ࣓ࢧ
ࣂຍᕤ᫬࡟⬡㉁㓟໬ࡢ㐍ࡴࡇ࡜ࡀ⪃࠼ࡽࢀ㸪ࢩ
࣓ࢧࣂࡢ 7%$56 ್ࡣཎᩱࡢࢧࣂ࡟ẚ࡭⣙ ȣ
PROJ ୖ᪼ࡋ࡚࠸ࡓࠋຍᕤ᫬ࡢ㓟໬ຎ໬ࡀ࡝ࡢ
⛬ᗘ࠿ࢆᢕᥱࡋ㸪〇ရࡢရ㉁࡟ཬࡰࡍᙳ㡪ࢆ᳨
ウࡋ࡚࠾ࡃࡇ࡜ࡣᚲせ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
㸱㸧࢔ࣞࣝࢤࣥೃ⿵ࡢࢱࣥࣃࢡ㉁࡟ࢪࢫࣝࣇ࢕
ࢻ⤖ྜࡀከ࠸࡜ࡢ▱ぢ࠿ࡽ㸪ࢪࢫࣝࣇ࢕ࢻ⤖ྜ
࡟╔┠ࡋ㸪ࢧࣂ➽⤌⧊ࢱࣥࣃࢡ㉁ࡢ᳨ウࢆ⾜ࡗ
ࡓࠋࡋ࠿ࡋ㸪௒ᅇࡢ᳨ウ࡛ࡣ≉ู࡟ࢪࢫࣝࣇ࢕
ࢻ⤖ྜࡢྵ᭷ẚ⋡ࡢ㧗࠸ࢱࣥࣃࢡ㉁ࢆほᐹࡍࡿ
ࡇ࡜ࡣ࡛ࡁ࡞࠿ࡗࡓࠋ 
 
 ࡇࡢ◊✲ࡢ୍㒊ࡣ㟷᳃┴⏘ᴗᢏ⾡㛤Ⓨࢭࣥࢱ
㻺㼛㼚㻌㻾㼑㼟㻚 㻿㼍㼙㼜㼘㼑 㻿㼍㼙㼜㼘㼑 㻺㼛㼚㻌㻾㼑㼟㻚
㻿㼍㼙㼜㼘㼑 㻹㼍㼗㼑㼞 㻾 㻹 㻾 㻹 㻾 㻹 㻾 㻹 㻿㼍㼙㼜㼘㼑 㻹㼍㼗㼑㼞 㻹 㻾 㻹 㻾 㻹 㻾 㻹 㻾
㼀㼑㼙㼜 㼀㼑㼙㼜
䠄䉝䠅 䠄䉝䠅
㻸㼛㼍㼐㻔䃛㼘㻕 㻞㻚㻡 㻞㻜 㻞㻚㻡 㻞㻜 㻞㻚㻡 㻞㻜 㻞㻚㻡 㻞㻜 㻸㼛㼍㼐㻔䃛㼘㻕 㻞㻜 㻞㻚㻡 㻞㻜 㻞㻚㻡 㻞㻜 㻞㻚㻡 㻞㻜 㻞㻚㻡
㻙㻟㻜㻙㻣㻜 㻙㻟㻜 㻙㻣㻜㻙㻝㻣㻙㻝㻣
㻝㻝㻠
㻝㻣㻚㻠
㻠㻣㻚㻟
㻟㻝㻚㻟
㻞㻡㻚㻣
㻤㻠㻚㻣
㻷㻰㼍
䠄㻴㻯䠅㼚
䠝
䠤䠟
㻸㻯
㻷㻰㼍
㻝㻝㻠
㻤㻠㻚㻣
㻠㻣㻚㻟
㻟㻝㻚㻟
㻞㻡㻚㻣
㻝㻣㻚㻠
䠤䠟
䠄㻴㻯䠅㼚
䠝
㻸㻯
ᅗ 4 ࢩ࣓ࢧࣂ࠾ࡼࡧ⏕ࢧࣂࢱࣥࣃࢡ㉁ࡢ6'6㟁ẼὋືࠋᕥ㸸&%%ᰁⰍ㸪ྑ㸸P%%5ᶆ㆑ࢱࣥࣃࢡ㉁ࡢ⺯ග
⏬ീࠋ5㸸⏕ࢧࣂ㸪0㸸ࢩ࣓ࢧࣂ㸪1RQ5HV㸸㑏ඖฎ⌮ࢆࡋ࡞࠸ࢥࣥࢺ࣮ࣟࣝ㸪௚ࡣ㸳P0'77࡜࡜ࡶ࡟↻
Ἓฎ⌮ࡋࢪࢫࣝࣇ࢕ࢻ⤖ྜࢆ᏶඲࡟㑏ඖฎ⌮ࡋࡓࠋ
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࣮ࡢ◊✲ጤク㈝ࡢຓᡂ࡟ࡼࡾ⾜ࢃࢀࡓࠋࡲࡓ㸪
◊✲࡟ᑐࡋ࡚ヨᩱࡢຍᕤ࠾ࡼࡧ‽ഛ࡟ࡈ༠ຊ㡬
ࡁࡲࡋࡓྠࢭࣥࢱ࣮ࡢⓑᯈᏕᮁ◊✲ဨ࡟ឤㅰ⮴
ࡋࡲࡍࠋࡲࡓ㸪7%$56  ᐃ㸪ࢱࣥࣃࢡ㉁ࡢࢪࢫࣝ
ࣄࢻ⤖ྜホ౯࡟༠ຊ㡬࠸ࡓᮏ◊✲ᐊ༞ᴗ⏕ࡢ㧗
ᯇ୍┬Ặ࡟ឤㅰ⮴ࡋࡲࡍࠋ 
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